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Abstract 
The US Energy Information Agency estimates that 11% of the world’s total energy 
comes from renewable sources, a number they project will grow modestly to 15% by 
2040. They also estimate that 21% of the world’s electricity came from renewable ener-
gy in 2011, and they expect that to grow to 25% by 2040. These are the projections that 
need to be altered if global warming is to be placed under some degree of control. 
This thesis reviews existing literature and gathers data in order to provide projec-
tions of the renewable’ share under different scenario by 2050. The analysis takes into 
consideration existing technologies and the projection of their development and also 
international policies to battle climate change. 
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1 Introduction 
The World is in the midst of an energy revolution. Developments in technology, 
growing economies, evolving business ideas are creating a moment of opportunities, but 
also great risk. Energy lights our World, keeps us warm, helps us connected with others, 
provides our food, builds our homes, fuels our vehicles, simply, attends to all our needs. 
21st century witnessed changes that our ancestors could never imagine, and more 
importantly, made us dependent on energy much more than ever. As economies 
continue to expand significantly and the need for energy increases rapidly, meeting 
growing energy demand becomes an important challenge. To meet huge amounts of 
energy demand, more efficient ways to use the energy is sought out while energy 
industry work on developing alternative energy technologies. Along with the expansion 
in energy needs, comes the environmental concerns. As the cost and difficulty of 
mitigating greenhouse-gas emissions increases each year, it is clear that the energy 
sector must find ways to reduce emissions while meeting the energy demand.  
In recent years developing cleaner, more efficient technologies has gained 
importance, however, it is uncertain how these technologies will be implemented and 
how the share of these energy technologies will be. To answer these questions, world’s 
energy needs and environmental priorities in the future should be identified.  Making 
the future of energy sector clearer begins with recognizing the main factors that will 
shape long term energy trends. Developments in energy sector depends on choices made 
by consumers, producers and governments. Therefore, energy systems need to be 
satisfying in terms of cost, quality, security, accessibility and social impact. Because the 
world is facing a particularly innovative period with wide set of possibilities, potential 
trajectory of energy systems reveals multiple paths. By analyzing the factors that shaped 
World energy, it is possible to create a boundary for the future of energy. Chapter 3 of 
this study represents the factors that shaped the World energy and their projections for 
the future years. Main factors that will shape the energy sector will be technological 
developments, environmental priorities, population growth and international 
governance. Also, there are uncertainties in the process of projecting the future. 
-2- 
Priorities given to sustainability and climate change, pace of innovation and the 
evolution of international governance are the uncertain points that will play a critical 
role to determine the future of energy, and will create wide set of different paths for the 
energy sector to follow. 
 
This study aims to provide projections for renewable energy share of future 
energy mix through different paths, determined by uncertainties and common features 
that will shape the course of possible paths. As represented in Chapter 4, some key 
drivers are used to identify possible scenarios projecting the future energy environment. 
First, as the common features of all possibilities; population, income level and growth, 
energy supply and demand and concern for the environment are explained. These 
factors are supported by data collected from various studies and based on certain 
assumptions on what may happen through projected period. Secondly, there are two 
uncertainties accepted as the factors that will make the difference through projections; 
Pace of technological innovation and environmental priorities. 
Making projections for different possible futures requires scenarios that will 
differ from each other based on the uncertainties. Scenarios help this study to show the 
limitations and draw boundaries to make better analysis. Scenarios are alternative 
stories of how the world may develop and help us to understand the forces that may 
push the future along different paths. Since aim of this dissertation is to make 
projections of renewable energy share for the future, 4 scenarios are constructed 
regarding the different potentiality of uncertainties. High and Low Pace of Innovation 
Scenarios assuming different technological progresses that energy systems and world 
might go through, and aims to make projections in economy and technology based 
perspective. Other 2 scenarios are based on the policies that the world may take in order 
to reduce the CO2 emissions. E1 and E2 Scenarios aim to project the renewable share 
under different emission reducing policies and these policy actions are inspired from the 
studies represented by BP and International Energy Agency.   
Chapter 2 introduces the 2017 Annual Energy Outlook of U.S. Energy 
Information Agency, which represents a similar study providing long term energy 
projections for United States. The idea of constructing a Reference Case is originated 
from the outlook, which will base on data of International Energy Agency and will 
demonstrate a reference pathway. Reference Case acts as a baseline and scenarios are 
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analyzed with respect to it, in order to observe changes. The Reference Case assumes a 
continual improvement in current technologies and follows current trends which are 
assumed by the International Renewable Agency. Also, current policies, laws and 
regulations are considered to proceed in the Reference Case. Moreover, side cases 
represented in Annual Energy Outlook 2017 lend assistance for building scenarios for 
this study. 
Finally, in Chapter 5, scenarios are examined by data analysis to make 
projections of renewable energy share until the year 2050. The purpose of the scenario 
analysis is not to forecast what will happen in the future, but to make projections of 
what might happen under different assumptions. First, scenarios addressing the 
uncertainties in the rate of technological developments are analyzed. Economic growth 
used as an indicator of the pace of technology and High and Low Pace of Innovation 
scenarios examined the share of renewables for the year 2050, in accordance with the 
Reference Case. Then, projection of renewable energy share is examined under different 
emission scenarios. E1 Scenario made projections on the basis of Reference Case with 
additional policies, which are based on BP Energy Outlook and Paris Agreement, that 
will reduce CO2 emissions more. E2 Scenario is originated from the Sustainable 
Development Scenario of International Energy Agency and made projections of the 
renewable energy share with more ambitious decarbonization efforts. 
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2 Literature Review 
The Annual Energy Outlook (AEO) 2017, published by U.S. Energy 
Information Agency (EIA), aims to provide long term energy projections. These 
projections are not predictions of what will happen in the future, but modeled 
projections under specific assumptions and methodologies about what may happen. The 
AEO uses National Energy Modeling Systems (NEMS), which is an integrated model 
developed to indicate various interactions of economic changes and energy supply, 
demand and prices. However, energy market projections cannot be foreseen with high 
accuracy because of uncertainties in events that shape energy markets, like resources, 
developments in technology, demographics, etc.  
Annual Energy Outlook 2017 uses a Reference Case to build up the projections 
to 2040. The Reference case projection assumes the improvement in trends of known 
technologies will continue, along with a view of economic and demographic trends 
reflecting the current central views of leading economic forecasters and demographers. 
Reference Case assumes the current laws and regulations of the energy sector are 
unchanged through the projection period, and potential impacts of proposed legislations 
and regulations are not reflected. Energy projections have the issue of uncertainty and 
EIA aim to overcome uncertainties by developing side cases with different assumptions 
and limitations of economic growth, world oil prices, technological progress and energy 
policies. 
 
Side Cases of the study are: 
• Oil Prices:  
o High oil price case (price of Brent crude reaches 226 dollars per barrel 
by 2040) 
o Low oil price case (price of Brent crude reaches 43 dollars per barrel by 
2040) 
o Compared to the 109 dollars per barrel in the Reference Case. 
-6- 
• Oil and Gas Resource and Technology: 
o High Oil and Gas Resource and Technology (lower costs and higher re-
source availability than the reference case, which allows higher produc-
tion at lower prices) 
o Low Oil and Gas Resource and Technology (more pessimistic assump-
tions about resources and costs) 
• Economic Assumptions on Energy Consumption: 
o High Economic Growth (annual growth rate for U.S. gross domestic 
product of 2.6%, from 2016-40) 
o Low Economic Growth (annual growth rate for U.S. gross domestic 
product of 1.6%, from2016-40) 
o 2.2% annual growth in the reference case. 
• A case that assumes the Clean Power Plan (CPP) is not implemented.  
 
2.1 Energy Consumption 
 
2.1.1 Total Energy Consumption 
Total energy consumption varies minimally across all cases. In 
Reference case, the total energy consumption increases by 5%, by 2040. In the 
High Economic Growth case, energy consumption is projected to increase by 
11% due to the high economic activity. However, in the Low Economic Growth 
case, energy consumption remains nearly flat. The impact of Oil and Gas 
Resource and Technology cases are less significant. In all cases, electric power 
sector is the largest consumer of primary energy. (Graph 1) 
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2.1.2 Domestic Energy Consumption 
 
Domestic energy consumption remains relatively flat in the reference case, how-
ever, change in the fuel mix is significant. Originated from industrial and electric 
power sectors, used quantity of natural gas is more than other fuel sources. Due to 
forthcoming energy efficiency in transportation and industrial activities, petroleum 
consumption remains relatively flat. In electric power sector, coal’s loss of market 
share results in a decrease of consumption. Percentage increase of renewable energy 
is the fastest due to falling capital costs and federal policies. (Graph 2) 
Graph 1 – Total Energy Consumption 
-8- 
 
 
2.2 Energy Production 
Energy production is nearly flat in the Low Oil and Gas Resource and 
Technology case, however, in the High Oil and Gas Resource and Technology case 
a continued growth is observed. Total energy production increases by more than 
20% throughout 2040 in the reference case, which is resulted by increases in 
renewables, natural gas and crude oil production. The High Oil Price case illustrates 
the impact of higher world demand for petroleum products .  (Graph 3) 
Graph 2 – Energy Consumption for Reference Case 
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Energy productions continues to increase in the Reference case which is led 
by the growth in natural gas and renewables. In the Reference case, natural gas 
production constructs nearly 40% of U.S. energy production by 2040. Decrease in 
coal production reflects the implementation of the Clean Power Plan. As AEO 2017 
indicates; “Nuclear generation declines modestly over 2017–40 in the Reference 
case as new builds already being developed and plant uprates nearly offset 
retirements. The decline in nuclear generation accelerates beyond 2040 as a 
significant share of existing plants is assumed to be retired at age 60”. (Graph 4) 
Graph 3 – Total Energy Production 
-10- 
 
2.3 Carbon Dioxide Emissions 
Energy related carbon dioxide emissions decline in most cases, except from no 
Clean Power Plan case. CPP requires states to develop plans to reduce CO2 emissions 
from the units that use fossil fuels. Therefore, no CPP case results in higher values of 
CO2 emissions. Electric power sector is responsible for nearly 40% of U.S. total energy 
related carbon dioxide emissions in 2011, which started to reduced share in recent years. 
Lower natural gas prices and the extension of renewable tax credits, the CPP makes a 
shift towards less carbon intensive electricity generation. (Graph 5) The Reference case 
carbon dioxide emissions decreases. As coal fired plants in the electric power sector are 
replaced with natural gas and renewables, electricity related CO2 emissions are reduced. 
Similarly, CO2 emissions generated from transportation sector is also decreases. 
However, growth in domestic industries results in higher emissions in industrial sector. 
(Graph 6) 
 
 
Graph 4 – Energy Production for Reference Case 
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Graph 6 – US Energy-Related CO2 Emissions for Reference Case 
Graph 5 – Energy Related CO2 Emissions 
-12- 
2.4 Energy and Carbon Intensity 
              Energy intensity and carbon intensity are projected to continue to decrease in 
the Reference case in despite of the increase in population and economic output per 
capita. As energy efficiency and improvements in fuel economy and the developments 
in energy mix that will reduce the consumption of carbon intensive fuels escalate, these 
trends are projected to continue. By 2040, in the Reference case energy intensity is 37% 
lower and the carbon intensity is 10% lower with respect to their 2016 values. However, 
these values are assuming the laws and regulations are still in place. ( Graph 7) 
 
 
 
2.5 Electricity  
  
As demand for energy grows the primary driver for new capacity is renewables 
and natural gas, rather than less efficient fossil fuel units. Low natural gas prices and the 
tax credits result in renewables and natural gas to be the primary sources of the 
generation capacity.  
Graph 7 – US Population-GDP-Energy Intensity-Carbon Intensity 
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As coal’s share decreases in Reference case, fuel prices and regulations lead 
shares of renewables and natural gas to grow. In near term, federal tax credits result in a 
growth in renewable generation and fuel prices drive natural gas and coal shares. In the 
long term, policies and economic conditions result in a decrease in coal generation and 
boost natural gas and renewables generation in the reference case. (Graph 8) 
 
 
  
 Reduced capital costs and the availability of tax credits encourage wind and 
solar capacity to increase. Under the support of Clean Power Plan and low natural gas 
prices, older and less efficient fossil fuels are forced to retire, in the Reference case. 
High Oil and Gas Resource and Technology case with lower natural gas prices lead 
natural gas to replace coal. Low Oil and Gas Resource and Technology case with higher 
natural gas prices is in favor of renewables. Also with the limits imposed by Clean 
Power Plan, renewables gain a larger market share. (Graph 9) 
Graph 8 – US Net Electricity Generation From Selected Fuels 
-14- 
 
In the Reference case, wind and solar generation become the dominant sources 
of renewable generation, each surpassing hydroelectric generation. Clean Power Plan 
and state defined regulations increase the demand for electricity generation from wind 
and solar through the projection period. Also, cost reductions, performance 
improvements and tax credits support wind and solar generation. Moreover, in the 
Reference case, some geothermal resources are also competitive sources of new 
generation. (Graph 10) 
Graph 9 – Electricity Generation From Selected Fuels 
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Although the Annual Energy Outlook 2017 provides projections only for United 
States, it gives a general understanding of the procedure needs to be followed for 
projecting the future of energy sector. The most important contribution of AEO to this 
dissertation is the idea of building a Reference Case that lends assistance for a better 
analysis of future possibilities, as selected as a baseline for different scenarios. Also, 
different cases examined in this study gave opinions about possible scenarios that will 
be built to project the share of renewables. Economic growth cases represent the 
fundamentals of Pace of Innovation Scenarios of this dissertation. AEO reflect the 
possible future of U.S., a developed country, which provides insight for the progress 
that OECD countries might go through. Even there is no information about the possible 
future of developing countries in AEO, it gives a guidance by the methodology it uses 
on how to make projections for the represented factors. 
   
 
  
 
Graph 10 – Renewable Electricity Generation for Reference Case 
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3 Factors Shaping World Energy 
Sector 
Examining the future of energy for a long period requires the understanding of 
the fundamentals that changes the industry. A suitable way to achieve this object is to 
look at the historical drivers of energy supply and demand. Interpreting the historical 
drivers is an appropriate way to understand present, which is the starting point of future 
considerations. The factors that shaped the world energy performance could be 
examined under five key drivers1.  
• Technological developments 
• Environmental priorities 
• Population and economic growth 
• Energy Policies 
• Uncertainties 
3. 1 Population and Economic Growth 
According to UN Population Division data, world population has grown from 
3.7 billion people to 7.4 billion people between the years 1970-2015. Also, The 
Conference Board, Total Economy Database(TED) represents a 3.3% per annum 
growth in Gross World Product and a 1.7% per annum growth in the labour force during 
the same time period. As a result of the high rate of productivity growth, OECD 
countries experienced a drive towards mass consumption. Similarly, non-OECD 
countries, especially China and India, experienced alike economic expansion and 
population growth. Consequently, there has been a large emerging middle class, with an 
extreme demand of energy. 
                                                 
1 World Energy Council, World Energy Scenarios 2016, Factors That Will Shape World Energy 
-18- 
BP Energy Outlook expects the world economy to almost double over the next 
20 years, largely driven by emerging economies, like China and India, due to increases 
in productivity. Growth in the world economy will eventually require more energy. 
UN expect the world population to reach 10.2 billion by 2060. However, labour 
force growth will be observed in smaller rates (40% of the historical rate), which will 
result in negative impacts on economic growth rates, that will have consequences for 
the energy sector. 
 
3.2 Technological Developments 
Economic growth and high levels of productivity are affected significantly by 
technological developments and investments. The Conference Board, Total Economy 
Database (TED) states that in China, more than 40% of GDP in the past decades is the 
outcome of widespread use of technology and high levels of investments. World Energy 
Council’s ‘World Energy Scenarios’ publication states that; “Such technologies 
included industrial technologies and, from the 1980s, new information, computational 
and communication tools. The rapid rise in the use of the internet from 1990 and 
smartphones in the past decade has enabled developing and emerging economies to 
leapfrog traditional development pathways and experience more rapid economic 
transition. These latter technologies have encouraged connectedness and helped 
accelerate the drive towards globalization”. 
International Energy Agency points out that non-OECD countries faced a fast 
population and economic growth, and this increased their energy demand, On the other 
hand, countries with economic maturity experienced a decline in energy demand per 
capita, and a decline in energy intensity. Advancements in energy technology have 
increased the global energy demand. Also, consumer desire for more environmental 
friendly energy technologies increases the need for electrification. As a result of the 
desire for more efficient technologies that will reduce energy consumption, global 
demand for electricity is expected to increase in the following years. 
During the period of 1970-2015, global economy has decarbonized around 1.1% 
p.a. according to International Energy Agency Statistics. BP Statistical Review of 
World Energy indicates the reason for the rate of decarbonization as the decline in the 
share of fossil fuel in primary energy, which went down from 94% to 86%. 
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New technologies that will be developed during the following years have the 
potential to reshape economic and social parameters. With the developing technologies, 
future energy industry will be shaped and will be very different from past years. World 
Energy Council predicts the changes in the energy industry that will take place as2: 
• Smart cities, in a world that is 70% urbanised by 2060 
 • Automation, artificial intelligence and robotics  
• Workforce of the future and digital productivity  
• Energy efficiency and demand side behaviour  
• Automated, zero carbon, mass transit innovation  
• Wind and solar, and integrated grid/storage  
• Electric vehicles (EV) 
 
3.3 Environmental Priorities 
During the past years environmental concerns have risen sharply on national and 
global scale. In 1980s, sustainable development became prominent as well as climate 
change, with the founding of the Intergovernmental Panel on Climate Change in 1988. 
In 1995, COP1 was held, and in 1997 the Kyoto Protocol has negotiated. Although not 
all the countries participated, many successful emission reductions took place and the 
process continued with the progress of decarbonization. At COP21 in 2015, 
governments signed up to limit the increase in the global average temperature to well 
below 2°C above pre-industrial levels and to pursue efforts to limit the temperature 
increase to 1.5°C above pre-industrial levels3. During the period 1970-2015 health 
issues related to the energy industry also gained importance, and there has been a raise 
on the public awareness of energy industry’s impact on health. 
Choices of society will shape the environmental priorities of the energy industry, 
and governments will ensure these priorities with respect to public choices. 
International weekly journal of science, Nature, identify four particular concern at the 
global level as: climate change, biodiversity loss and species extinction, biogeochemical 
                                                 
2 World Energy Council, World Energy Scenarios 2016, New Technologies 
3 UNFCCC COP21 agreement report, 2016, article 2, pg 22 
-20- 
flows and land system change4. At the regional level, concerns are associated with 
freshwater use and availability. Managing environmental challenges will be one of the 
most important concerns, and these challenges remind the world how new technologies 
can overcome these concerns and encourage the society. 
 
3.4 Energy Policies   
Geopolitical relationships between energy consumers and energy suppliers have 
a significant effect on economy and energy policies, and evolved from a long history. 
For example, in 1970 virtually all electricity companies were state run, but this changed 
in the 1990s as many governments pursued liberalisation. However, the private oil 
companies that dominated the international oil industry in 1970 have been progressively 
eclipsed by the state-run national oil companies5.  
National energy policies shape the major decisions of many countries on energy. 
These policies mainly indicate energy needs and resource utilization.  Supporting 
affordable energy access, energy security and environmental sustainability depends on 
governments’ decisions that redress the balance between country intentions and world 
energy goals. 
 
3.5 Uncertainties  
It is mainly uncertain how the energy industry will be in the future world and 
hard to foresee energy sector’s trajectory. Priority given to sustainability and climate 
change, pace of innovation and evolution of international governance are the uncertain 
points that will be critic to determine the future of energy.  
 
3.5.1 International Governance 
                                                 
4 World Energy Council, World Energy Scenarios 2016 
5 World Energy Council, World Energy Scenarios 2016 
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The World is facing a shift in geopolitical power towards non-OECD countries6, 
and questions take place about whether there will be a collaborative international 
governance structure that satisfy the needs of all can be built, or rivalry will take place.  
The positive view would be a collaborative approach which will strengthen 
international governance structures that will deal with the transition to the new energy 
system. Supporting a broad-based agreement that will ensure security and economic 
growth while addressing the issues such as climate change will be the strongest 
approach. On the other hand, if the shift in power is seen as a threat and aggressive, 
nationalist policies took place, future energy industry would take a major blow in terms 
of economic growth and technology transfer.   
World Energy Scenarios examines the future in three possibilities and state that these 
possibilities will significantly shape economic, energy and climate change policies7: 
• Broad-based international governance, covering security, economic and environmental 
matters. 
 • Economics-focused international governance ensuring that capital markets, 
technology transfer and trade continue to function well. 
 • Fractured and weak international system that cannot address global challenges. 
 
3.5.2 Climate Change 
Although concerns about sustainability and climate change seems to stay in the 
background of public and government priorities, it is crucial for the energy sector to 
significantly decarbonize and to meet carbon emission targets without blocking 
economic growth. Governments’ commitments to COP21 are not substantial enough to 
stay within the 1000Gt CO₂ carbon budget necessary for keeping the temperature below 
2°C, the upper limit mentioned in the Paris Agreement. In fact, the current country 
pledges imply a 2.7°C rise. Keeping the temperature increase below the 2°C target will 
                                                 
6 7 Global Trends 2030 (2012), US National Intelligence Council 
7 World Energy Council, World Energy Scenarios 2016, Changing power blocs – the evolution of 
international governance and geo-political change? 
-22- 
require annual global carbon emissions-reduction rates of a minimum 3% p.a., far 
beyond any historical experience 8. (Graph 11)  
 
 
 
 
 
 
 
 
A successful transition could be provided if the decisions of the energy sector 
consider all of the challenges about climate change. The tailwinds that support rapid 
decarbonisation are technology learning curves that bring the cost of renewables closer 
to fossil fuel parity—as seen with solar, and the development of economic carbon, 
capture and storage options, supported by the public. Many decarbonisation 
technologies, in many countries, offer co-benefits to security and public health. 
Additionally, as adaptation becomes a key focus, it will be important to appreciate the 
benefits of building resilience into infrastructure. However, headwinds—such as the 
high cost of climate-friendly technologies, as well as concerns over affordability, equity 
and access—could slow developments. Weak economic development could limit 
investments and the ability to subsidise technologies9.   
 
3.5.3 The Pace of Innovation  
The idea behind productivity reflects the ability to produce more outputs by new 
ideas, technological improvements and new business models while combining the 
                                                 
8 United Nations Climate Change, The Paris Agreement 
9 World Energy Council, World Energy Scenarios 2016, Sustainability and Climate Change 
Graph 11 
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inputs in an efficient way10. Therefore, productivity is expected to be the main driver of 
economic growth and energy sector in the future. World Energy Outlook indicates the 
two views about the future productivity growth as techno-pessimist and techno-optimist 
views11. 
The techno pessimist view believes that recent slowdown in productivity will 
continue and the future innovations will not be as significant as the types of innovations 
that took place in the near past. On the other hand, the techno-optimists believe the rate 
of technological progress has not slowed and the revolution will continue in an 
increasing rate. 
Again, productivity will be the most important factor to shape the future of 
energy sector. TED database reveals that; “Recognizing the views of both the optimists 
and pessimists have some degree of credibility, we envisage a broad range of feasible 
outcomes for global productivity for the period 2015 to 2060: 1.0% to 2.6% p.a, 
compared with 1.7% p.a. for the period 1970-2015”. (Graph 12) 
 
 
 
 
                                                 
10 Paul Krugman, the Nobel Laureate, p.11 ‘The Future of Productivity’, OECD 2015 
11 Gordon, R. (2012), “Is U.S. Economic Growth Over? Faltering Innovation Confronts the Six 
Headwinds”, NBER Working Papers, No. 18315. And Gordon, R. (2015), The rise and fall of American 
Growth, Princeton University Press 
Graph 12- Global productivity growth % P.A 
-24- 
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4 Main Features Of Scenarios 
In order to provide projections of the renewable’ share under different scenarios 
for the year 2050, inputs provided by various scenario studies are collected to identify 
trends, main drivers and factors that could have role to shape future energy industry. 
Factors that would affect the system are identified and the links between them are set up 
based on literature search. Factors that are considered as predetermined are 
distinguished from the factors that are considered uncertain. In order to construct 
different scenarios, key drivers are divided into two clusters. First cluster is constructed 
to gather the common features of the scenarios, and the second is to gather elements that 
will differentiate the scenarios. 
 
4.1 Common Features of the Scenarios 
The scenarios share some common features and these features are assumed to 
proceed in the future for each scenario.  
 
4.1.1 Population 
Population is the first feature that will considered as common in all scenarios. As 
stated before, according to UN data, world population is expected to reach 10.2 billion 
by 2060. (Graph 13) Growth will be concentrated in the developing countries and 
expected to show a slower increase than the past years. Population growth might show 
small differences between different scenarios due to global development variance, but 
these differences are neglected in this study.  
 
 
  
 
 
-26- 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.2 Income Level and Growth 
Secondly, economic development is considered as a common feature of the all 
scenarios. Growth in labor force will be in a slower rate in the upcoming years, 
however, economic development will continue. Developed scenarios allow some 
possible variations that may occur as a result of the shifts between higher or lower 
growth rates of developing countries.  
 
4.1.3 Energy Supply and Demand 
The other common assumption across the scenarios is that fossil energy resources 
will be sufficient to meet demand during the scenario periods. Supply and demand will 
continue to take place, however, relative weight of fossil resources will vary depending 
on the scenarios. Besides, total energy demand will increase in all scenarios and the link 
between economic growth and growth in energy demand will continue.   
 
4.1.4 Concern for the Environment 
As a growing trend of economy and energy demand takes place, it is inevitable that 
the course of events will generate an increase in environmental problems. Emission 
scenarios assume a continuing concern for pollution and environmental problems, but 
each will handle these issues on specific ways. 
Graph 13 – World Population 1950-2050 
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4.2 Different Features of the Scenarios 
The scenarios are differentiated based on two variables; pace of technological 
developments and environmental priorities. Characterization of the different 
assumptions of uncertain features of the scenarios will result in staging the scenarios 
and distinguishing them from the case accepted as a baseline.  
 
4.2.1 Pace of Technological Development 
First 2 scenarios are built by addressing the different rates of pace of 
technological development. The pace of innovation is associated with economic growth 
in this study in order to obtain suitable data. The speed by which new technologies 
develop will vary across the two scenarios and result in building the High and Low Pace 
of Innovation Scenarios.  
 
4.2.2 Environmental Priorities 
All scenarios assume a continuing concern for environmental problems. 
Scenario dependent elements of environmental priorities are differentiating in the extent 
of additional policies taken in order to increase the reduction of CO2 emissions. 
Emission related scenarios E1 and E2 are built on the assumption of additional global 
emission policies that will be added on a baseline case. 
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5   Scenario Analysis  
 
Projections in this thesis are made under certain assumptions under different 
scenarios and uses data and methodology collected from various studies. Different 
scenarios aim to make long term projections of what may happen in future energy 
markets and the share of renewable energy. Energy market projections are subject to 
uncertainties explained in the previous section; the pace of technological development 
and environmental priorities, and the common features of the scenarios. Main 
differences between scenarios are due to different assumptions coming from different 
approaches to uncertainties. Also, some common features of scenarios will display some 
minor differences as a result of different assumptions.  
Before building different scenarios, a Reference Case is constructed and the 
differences between each scenario is aimed to be observed with respect to the Reference 
Case. The Reference Case assumes a continual improvement in current technologies 
and follows current trends. Also, current policies, laws and regulations are considered to 
proceed in the Reference Case. Projections are later formed by different assumptions of 
economic growth, technological developments and environmental policies with respect 
to Reference Case.  
 
5. 1 Technological Development Scenarios 
First scenarios are built by addressing the uncertainties in the rate of technologi-
cal developments. The pace of innovation is associated with economic growth in this 
study to obtain suitable data. The choice of relating pace of innovation and economic 
growth comes from the studies of World Energy Council and International Energy 
Agency, which is explained in the Chapter 3 of this study. According to this 
assumption, High and Low Pace of Innovation scenarios are built. According to the 
parameter taken from International Energy Agency’s International Energy Outlook 
2017, economic growth of the Reference Case is set to be 2.8% per year for the time 
interval of 2015-2050. On the other side, High Pace of Innovation scenario assumes an 
-30- 
economic growth of 3.1% per year, and Low Pace of Innovation scenario assumes an 
economic growth by 2.5% per year.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Economic growth is an important factor for the projection of world energy 
demand. Stronger projected economic growth rates drive the fast-paced growth in future 
energy consumption and will lead to demand for energy to increase. Similarly, 
population growth is another important factor that will shape the future energy demand. 
Yet, population growth rate is considered to be the same for all scenarios in the process 
of making projections of future renewable energy share. World population is expected 
to reach 9.525 billion by 2050, with an average annual growth rate of 0.8%.   
As economic growth and population are the key drivers of energy demand, the 
data obtained from International Energy Agency is used to make projections in world 
energy consumption for all cases between the years 2015 and 2050. Considering the 
Reference Case to follow the current trend in energy consumption for the following 
years, which is stated as 1% annual change in International Energy Outlook 2017, it is 
expected world energy consumption to reach 813.7 quadrillion Btu by 2050. Most of the 
increase in energy demand is coming from non-OECD countries due to high rates of 
economic growth.  
Graph 14 – World GDP 
  2015     2020    2025     2030     2035    2040    2045    2050 
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As a result of different rates of economic growth in High and Low Pace of 
Innovation scenarios, world energy consumption shows differences for both cases. For 
the High Pace of Innovation Scenario, annual change in energy consumption is assumed 
to be 1.2%, and 0.9% for the Low Pace of Innovation Scenario, according to the data 
obtained from International Energy Agency. In the High Pace of Innovation Scenario, 
global energy demand is expected to reach 882.7 quadrillion Btu, and 775.2 quadrillion 
Btu in the Low Pace of Innovation Scenario. Again, most proportion of the energy 
demand is the outcome of non-OECD countries.   
  2015     2020    2025     2030     2035    2040    2045    2050 
Graph 15 – Total Energy Consumption for Reference Case 
 2015      2020        2025        2030        2035       2040        2045       2050 
Graph 16 – World Energy Consumption For All Cases 
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According to energy consumption by different fuel types data obtained from Interna-
tional Energy Agency, share of each energy source is graphed for the Reference Case. 
(Graph 17) It is observable that as energy consumption increases over the projection 
interval, all energy sources other than coal demonstrates an increasing trend. Renewable 
energy is the fastest growing form of energy with an average annual rate of 2.1%. 
Liquids remains the largest source of energy through the projected interval, however 
faces a decrease in world energy market share due to developments in electric power 
sector. Worldwide coal use is projected to remain flat and start to decrease after the year 
2030, contrarily to its strong growth during 2000’s. The reason behind coal’s decrease is 
the replacement of natural gas, renewables and nuclear power in electricity generation, 
mainly in OECD regions and China. The share of renewable energy is expected to be 
18%, with 146.6 consumable capacity by 2050 in the Reference Case. 
  
  
  
In High Pace of Innovation Scenario, share of renewable energy is projected with 
respect to additional improvements that renewable energy technology experience which 
take the annual average change of renewable energy implementation level beyond the 
Reference Case. With 0.03% higher economic growth percentage than the Reference 
Case, annual growth rate of Renewable energy in this scenario could reach to be 3% per 
  2015       2020       2025       2030      2035      2040       2045      2050 
Graph 17 – World Energy Consumption by Energy Source 
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year12. Also, it must be stated that the demand for world energy in this case is 882.7 
quadrillion Btu, which is 69 quadrillion Btu more than the Reference Case. In these 
circumstances modifying the reference case gives a prediction of 202.64 quadrillion Btu 
consumable capacity by renewable energy, which increases the renewable energy share 
in World energy consumption to 22%. (Graph 18) 
 
                                                 
12 Renewable Energy in Europe, European Environment Agency 
Graph 18 
    2015       2020       2025       2030        2035      2040        2045      2050 
-34- 
Fast economic growth, high production rates and strong technological developments 
in renewable energy industry lead the share of renewable energy to increase to 22% of 
World’s total energy consumption. Characteristics and main assumptions of the future 
World in High Pace of Innovation Scenario that leads to high share of renewables could 
be presumed as13:  
• Well handling of economic and geopolitical shift to Asia. 
• Creation of new business models and technological innovation that addresses 
energy security, accessibility and sustainability. 
• Reduction in energy installation costs and increase in efficiency due to techno-
logical developments. 
• Strong global cooperation that end up in intelligent growth.  
• High levels of investment in renewable energy  
• Open economies boosting efficiency and productivity 
• Lifestyles and economies demand for more energy 
 
For the scenario of Low Pace of Innovation, the annual average change of 
renewable energy implementation level is considered to be beneath the Reference Case, 
due to the limits in productivity growth and deficiencies in renewable energy 
technology improvements. According to TED Database, UN Medium Variant Forecast, 
The World Energy Council/Accenture Analysis data, annual growth rate of renewable 
energy is estimated to be 1%, which is correlated to the lower bound of global 
productivity growth in %p.a.  The demand for world energy in this case is 775.2 
quadrillion Btu, which is 107.5 quadrillion Btu less than the Reference Case. Although 
the energy demand is significantly limited in this scenario, economic and technological 
conditions of the projected case prevents the progress of renewable energy and results in 
a decrease in renewable energy share. As an outcome, consumable capacity by 
renewable energy drops to 100.889 quadrillion Btu, which represents a share of 
renewable energy about 13%. (Graph 19) 
                                                 
13 World Energy Council, World Energy Scenarios 2016 
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Outcome of Low Pace of Innovation Scenario is a fractured World with 
inadequacies in economy, energy and sustainability. With 13% share, it is hard to 
represent a favorable development in terms of renewable energy progress in this case. 
Possible key features and assumptions of this scenario are14:  
• Slower economic and productivity growth that results in weak development of 
energy technologies 
• Low support and investment in renewable technologies 
• Rise in poverty and inequity. 
• Underinvestment in energy systems. 
• Volatile commodity prices followed by underinvestment and recession. 
• Lack of global collaboration which results in fear of energy security based do-
mestic growth. 
 
 
 
                                                 
14 World Energy Council, World Energy Scenarios 2016 
    2015       2020       2025       2030        2035      2040        2045      2050 
Graph 19 
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5.2 Emission Scenarios 
The focus on economic growth leaves the climate change issues somewhat 
ignored. Emerging economic pressures make it difficult for countries to act until they 
are obliged to and nobody wants to take the risk of being the first to act against 
addressing climate change, due to perceiving climate change challenge as an additional 
economic pressure. Energy sector will play a critical role in the effort to reduce 
emissions, however, the difficulty of de-escalating greenhouse gas emissions increases 
day by day. Recent years show progression in developing cleaner, more efficient energy 
technologies. International Energy Agency’s “Energy and Climate Change” shows signs 
that economic growth and energy related emissions are starting to decouple, as energy 
intensity of the global economy continue to decline despite of increasing economic 
growth. However, there is still an increased effort to give to limit the rise in global mean 
temperature.     
The Reference Case which is formed according to EIA data, in previous section 
is used for the projections related to CO2 emissions to construct an upper bound for 
global emissions. The reason for the Reference Case to be the upper bound for 
emissions is that it is taking the current laws and regulations about CO2 emissions into 
consideration and the scenarios that will be built will make projections with respect to 
additional possible policies that will aim to reduce emissions more. Additional policies 
are considered to taken at global level, and scenarios will make projections with a 
global approach.  
For the Reference Case, World energy related Carbon Dioxide emissions are 
projected to grow at an average of 0.7% per year between 2015 and 2050. (Graph 20) 
Energy related CO2 emissions are projected to reach 42771.4 MMmt in the year 2050. 
Due to developments in energy efficiency and a gradual shift toward renewable energy 
sources, annual growth rate for the projected period is less than the growth rate of past 
decades. Non-OECD countries with expanding economies are responsible for the bigger 
proportion of the CO2 emissions for the projected period, with an annual growth rate of 
0.9%. On the other hand, in OECD countries, energy related CO2 emissions remain 
nearly flat with annual growth rate of 0.2%. In year 2050, for the Reference Case, non-
OECD countries will be responsible for 29660 MMmt of CO2 emissions, while OECD 
countries bring on a value of 13111.4 MMmt. (Graph 21) In these circumstances, 
renewable energy share for the Reference Case is 18%. 
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Pace of growth of carbon dioxide emissions is assumed to slow down in the 
Reference Case, however, still falls short to meet the required level of Paris Agreement. 
The Paris Agreement’s central aim is to “strengthen the global response to the threat of 
climate change by keeping a global temperature rise this century well below 2 degrees 
Graph 20 
Graph 21 
    2015       2020       2025       2030        2035      2040        2045      2050 
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Celsius above pre-industrial levels and to pursue efforts to limit the temperature 
increase even further to 1.5 degrees Celsius. Additionally, the agreement aims to 
strengthen the ability of countries to deal with the impacts of climate change”. Paris 
Agreement proposes an emission reduction effort that lower the emissions down to 40 
gigatonnes CO2 equivalent. Therefore, to meet the required goals of the agreement, a 
scenario named E1, that assumes tightened policies is built. 
According to data taken from BP Energy Outlook 2017, for a similar case of low 
carbon scenario, 12% reduction in carbon emissions with -0.7% compound annual 
growth rate is observed. Applying this rate to Reference Case gives the value of 
37638,832 MMmt of CO2 emissions for the year 2050. Moreover, in consequence of 
this result, renewable energy share for the E1 Scenario is estimated to be 20.45%. 
Secondly, originated from the Sustainable Development Scenario of 
International Energy Agency, E2 Scenario with more ambitious decarbonization efforts 
is built. In a similar way with Sustainable Development Scenario, E2 Scenario 
significantly increases the use of renewables and reduces the use of fossil fuels to make 
an essential contribution to climate stability. Sustainable Development Scenario raise 
the bar set by Paris Agreement higher and aim to reduce emissions so fast that leads 
zero emissions around 2060. In the light of this information, data collected from 
International Energy Agency revealed a drop of CO2 emissions to 15.4 gigatonnes by 
the year 2050 in order to achieve its goals. According to the emission information, 
projected renewable energy consumption for E2 Scenario reaches 403.6 quadrillion Btu 
with an annual growth rate of 5.1% by the end of the period of 2015-2050. Share of 
renewable energy for the E2 Scenario is projected to be 49%, as shares of fossil fuels 
reduce dramatically to bring the amount of CO2 emissions to projected levels. (Graph 
22)       
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Graph 22 
    2015       2020       2025       2030        2035      2040        2045      2050 
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5 Conclusions 
There are many possible future pathways for the energy sector, and the 
trajectory of the renewable energy will be shaped by what future holds. Future with 
sustainable economic growth and strong productivity shares of renewable energy may 
be increased while addressing environmental issues. Higher energy system efficiencies 
and dropping fossil fuel shares in the future of high economic growth have the potential 
of providing cheap and cleaner energy while increasing the rate of access to energy. 
Also, energy mix constructed by shares of different energy sources, and more even 
distributions of the shares will improve the energy security. Moreover, with increasing 
shares of renewable energy, dependence on main fossil fuel suppliers will go down and 
self-sufficient energy industries will evolve. On the other hand, in a future with weak 
economic growth investment rates in the energy sector will slow own, or preserve 
current rates, which will reflect weaker economies dependent on fossil fuels with 
inadequate attention to climate change. 
It is difficult to choose which route is the best through numerous pathways 
towards future of energy sector, and there is no single answer to that question. Scenarios 
selected in this study are not built to see which future is preferable over another, but to 
make projections on how the future may change and what the share of renewable energy 
will be in these possible futures. Furthermore, uncertainties that made the difference 
between scenarios are only considered specific variables in the process of making 
projections. As this study mainly focused on the projection of technological 
developments and the pace of international policies to battle climate change, there are 
many other uncertainties that will affect the future of energy environment. Also, these 
uncertainties varying through scenarios are projected according to data taken from 
various studies. Values of uncertainties are determined under assumptions and estimated 
values may differ from actual ones during the projected interval. For example, 
according to International Energy Agency’s study for the year 2000, historical 
projections for wind power falls short. (Graph 23) For the year 2010, global wind power 
capacity was projected to be 40 GW, however, actual values revealed nearly 200 GW of 
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installed wind power capacity. The World today is experiencing a rate of technological 
development that has never seen before, therefore, high innovative structure of the 
World today makes it difficult to make projections about key uncertainties that will 
affect the energy industry in an accurate way. As a result, projected scenarios are highly 
uncertain.   
 
 
 
 
 
 
 
 
 
 
 
  
The four scenarios that have been selected in this study are focusing on the 
renewable energy share for the year 2050. As stated before, these scenarios are not 
offering a preferable way for the future, but trying to construct a possible pathway and 
boundaries that will help us to understand the future of energy sector and the share of 
renewables in this future. First two scenarios, projected according to the different rates 
of pace of technological developments, gives the renewable share boundaries of 22% 
and 13% for the High and Low Pace of Technological Development Scenarios 
respectively. Again, these values are mainly shaped by economic and technological 
growth assumptions, and neglected some other uncertainties like possible fossil fuel 
prices in the future. However, gives an understanding of how technological 
developments may affect the renewable energy share by the year 2050. Similarly, 
emission scenarios E1 and E2 are built in order to examine future CO2 emissions and 
renewable share according to projected emission rates. E1 and E2 scenarios are 
considering continuous improvements in the progress of emission reduction, and reveal 
Graph 23 
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optimistic projections related to additional policies that may occur during the following 
years.  
Increasing shares of renewables offer a wide range of benefits in terms of energy 
security, climate and environment. Technological advancements in renewables will 
continue to take place and renewables will be the key for sustainable future with 
increased deployment and cost reductions. For a clean and secure energy future 
governments should work on developing a sustainable long term energy transformation 
that satisfies energy security while addressing climate challenge. Transition to 
renewable energy will optimally respond to all public and governmental goals. A global 
approach is necessary to build a sustainable future of energy and international 
collaboration needs to be enhanced to achieve these goals.  
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7  Appendix 
 
 
 
 
  
 
 
Table A10. World carbon dioxide emissions by region, 2015-50
(million metric tons carbon dioxide)
Region 2015 2020 2025 2030 2035 2040 2045 2050
Average annual 
percent change 
(2015-50)
OECD
  OECD Americas               6,342               6,341               6,175               5,967               5,970               6,074               6,217               6,385 0.0
    United States /a               5,248               5,260               5,057               4,839               4,816               4,867               4,957               5,073 -0.1
    Canada                  590                  587                  601                  596                  608                  626                  649                  672 0.4
    Mexico and Chile                  504                  494                  518                  532                  547                  581                  611                  640 0.7
  OECD Europe               3,858               3,923               3,814               3,798               3,903               3,988               4,097               4,261 0.3
  OECD Asia               2,234               2,186               2,209               2,243               2,284               2,333               2,389               2,466 0.3
    Japan               1,154               1,073               1,058               1,038               1,014                  987                  961                  945 -0.6
    South Korea                  663                  702                  721                  751                  791                  835                  881                  930 1.0
    Australia and New 
Zealand                  417                  411                  430                  454                  479                  510                  547                  592 1.0
  Total OECD            12,433            12,450            12,198            12,008            12,157            12,395            12,703            13,111 0.2
Non-OECD
  Non-OECD Europe 
and Eurasia               2,692               2,630               2,583               2,570               2,617               2,625               2,600               2,574 -0.1
    Russia               1,676               1,610               1,583               1,587               1,616               1,615               1,582               1,541 -0.2
    Other               1,016               1,021                  999                  983               1,001               1,010               1,018               1,033 0.0
  Non-OECD Asia            14,294            15,168            16,050            16,589            17,384            18,286            19,226            20,057 1.0
    China               9,924            10,205            10,464            10,422            10,298            10,161            10,018               9,793 0.0
    India               2,002               2,305               2,552               2,884               3,389               3,959               4,545               5,043 2.7
    Other               2,368               2,657               3,034               3,284               3,697               4,165               4,664               5,221 2.3
  Middle East               1,959               2,085               2,192               2,316               2,495               2,692               2,923               3,117 1.3
  Africa               1,251               1,370               1,444               1,506               1,592               1,740               1,906               2,100 1.5
  Non-OECD Americas               1,272               1,270               1,355               1,410               1,473               1,581               1,694               1,812 1.0
    Brazil                  482                  470                  514                  540                  561                  596                  633                  668 0.9
    Other                  790                  800                  841                  869                  912                  985               1,061               1,143 1.1
  Total Non-OECD            21,469            22,523            23,624            24,390            25,561            26,923            28,349            29,660 0.9
Total World 33,902          34,972          35,823          36,398          37,718          39,318          41,052          42,771          0.7
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Table A14. World population by region, 2015-50
(millions)
Region 2015 2020 2025 2030 2035 2040 2045 2050
Average annual 
percent change 
(2015-50)
OECD
  OECD Americas                  501                  524                  547                  568                  586                  603                  617                  630 0.7
    United States /a                  322                  335                  348                  360                  371                  381                  390                  399 0.6
    Canada                     36                     37                     39                     41                     42                     44                     45                     47 0.8
    Mexico and Chile                  143                  152                  160                  167                  173                  178                  182                  185 0.7
  OECD Europe                  569                  582                  590                  595                  600                  603                  604                  603 0.2
  OECD Asia                  205                  207                  208                  208                  207                  206                  204                  201 0.0
    Japan                  127                  125                  123                  121                  118                  114                  111                  108 -0.5
    South Korea                     50                     51                     52                     52                     53                     53                     52                     51 0.0
    Australia and New 
Zealand                     28                     30                     32                     35                     37                     39                     41                     43 1.2
  Total OECD               1,275               1,313               1,344               1,371               1,393               1,411               1,425               1,435 0.3
Non-OECD
  Non-OECD Europe and 
Eurasia                  336                  335                  333                  329                  324                  319                  314                  310 -0.2
    Russia                  143                  143                  142                  139                  136                  133                  131                  129 -0.3
    Other                  193                  192                  191                  190                  187                  185                  183                  181 -0.2
  Non-OECD Asia               3,791               3,972               4,129               4,261               4,370               4,457               4,521               4,564 0.5
    China               1,369               1,398               1,413               1,416               1,410               1,398               1,379               1,354 0.0
    India               1,295               1,374               1,447               1,515               1,574               1,625               1,666               1,699 0.8
    Other               1,127               1,200               1,268               1,330               1,385               1,434               1,476               1,510 0.8
  Middle East                  225                  243                  259                  275                  290                  304                  318                  330 1.1
  Africa               1,144               1,284               1,433               1,589               1,756               1,932               2,114               2,301 2.0
  Non-OECD Americas                  484                  507                  527                  545                  559                  571                  580                  586 0.5
    Brazil                  206                  214                  222                  228                  232                  236                  238                  238 0.4
    Other                  278                  292                  305                  317                  327                  336                  343                  348 0.6
  Total Non-OECD               5,980               6,341               6,681               6,998               7,298               7,582               7,847               8,090 0.9
Total World 7,254            7,654            8,025            8,369            8,691            8,993            9,272            9,525            0.8  
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Table A3. World gross domestic product (GDP) by region expressed in purchasing power parity, 2015-50
bill ion 2010 dollars
Region 2015 2020 2025 2030 2035 2040 2045 2050
Average annual 
percent change (2015-
50)
OECD
  OECD Americas                    20,351                             22,580                        25,429                      27,990            31,014            34,346            37,789            41,184 2.0
    United States /a                    16,397                             18,236                        20,558                      22,585            25,054            27,852            30,782            33,653 2.1
    Canada                      1,506                               1,635                          1,783                        1,920              2,055              2,179              2,289              2,385 1.3
    Mexico and Chile                      2,447                               2,709                          3,087                        3,484              3,905              4,316              4,719              5,146 2.1
  OECD Europe                    19,784                             21,405                        23,126                      24,738            26,350            27,975            29,557            31,429 1.3
  OECD Asia                      7,447                               7,997                          8,582                        9,028              9,453              9,856            10,337            10,908 1.1
    Japan                      4,535                               4,694                          4,844                        4,860              4,854              4,792              4,752              4,752 0.1
    South Korea                      1,705                               1,929                          2,177                        2,399              2,587              2,782              3,003              3,238 1.8
    Australia and New Zealand                      1,207                               1,374                          1,561                        1,770              2,011              2,282              2,582              2,918 2.6
  Total OECD                    47,582                             51,982                        57,136                      61,756            66,818            72,177            77,683            83,520 1.6
Non-OECD
  Non-OECD Europe and Eurasia                      5,531                               6,045                          6,581                        7,197              7,966              8,653              9,254              9,817 1.7
    Russia                      3,433                               3,682                          3,897                        4,189              4,581              4,864              5,048              5,146 1.2
    Other                      2,098                               2,363                          2,685                        3,008              3,385              3,789              4,206              4,671 2.3
  Non-OECD Asia                    34,985                             46,067                        58,490                      71,920            86,329          101,557          117,004          131,339 3.9
    China                    18,160                             24,063                        30,470                      37,365            44,549            51,809            59,024            65,243 3.7
    India                      7,324                             10,267                        13,451                      16,914            20,738            24,867            28,920            32,396 4.3
    Other                      9,501                             11,737                        14,569                      17,642            21,042            24,881            29,061            33,700 3.7
  Middle East                      4,749                               5,694                          6,697                        7,790              8,947            10,062            11,247            12,249 2.7
  Africa                      5,495                               6,424                          7,850                        9,559            11,670            14,250            17,350            21,062 3.9
  Non-OECD Americas                      6,351                               6,910                          7,972                        8,860              9,792            10,807            11,878            12,966 2.1
    Brazil                      2,963                               3,134                          3,560                        3,840              4,112              4,402              4,677              4,932 1.5
    Other                      3,388                               3,776                          4,412                        5,020              5,679              6,406              7,201              8,034 2.5
  Total Non-OECD                    57,110                             71,140                        87,591                   105,327          124,704          145,328          166,734          187,434 3.5
Total World 104,692                123,122                         144,727                    167,083                  191,521        217,506        244,417        270,954        2.8
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Year OECD: OECD Americas MMmtTotal World MMmt
2050 6384.6 42771.4
2049 6346.8 42436.7
2048 6314.2 42120.8
2047 6285.7 41781.4
2046 6253 41425.2
2045 6217.4 41052.2
2044 6187.8 40701.3
2043 6152.8 40331.5
2042 6122.5 39982.2
2041 6096.8 39643.3
2040 6074.2 39317.6
2039 6056.7 38993.9
2038 6032.4 38658.5
2037 6012.6 38330.6
2036 5991.3 38033.9
2035 5970.4 37717.9
2034 5953.6 37393
2033 5941.8 37091.3
2032 5941 36844.7
2031 5951.8 36628.3
2030 5966.9 36397.8
2029 5998.9 36217.7
2028 6039.9 36068
2027 6080.8 35934
2026 6134.2 35846.8
2025 6175.4 35822.5
2024 6212.2 35760.9
2023 6232.3 35611.8
2022 6254 35388.2
2021 6303.2 35170.4
2020 6341.1 34972.4
2019 6346.2 34914.5
2018 6310.3 34853.8
2017 6271.3 34519.2
2016 6237.4 34095.3
2015 6341.5 33901.8
2014 6504.9 33355.1
2013 6459.7 33348.9
2012 6291.1 32691.3
2011 6502 31969.7
2010 6622.5 30834.4
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Table F1. Total world delivered energy consumption by end-use sector and fuel, Reference case, 2015-50
(quadrillion Btu)
Sector/fuel 2015 2020 2025 2030 2035 2040 2045 2050
Average annual 
percent change 
(2015-50)
Residential
    Liquids 8.5 8.3 8.2 8.2 8.1 8.1 8.1 8.0 -0.1
    Natural gas 20.0 21.0 22.0 22.9 23.8 24.8 25.7 26.6 0.8
    Coal 4.4 4.1 3.8 3.6 3.4 3.2 3.1 3.0 -1.1
    Electricity 20.2 22.2 24.7 27.5 30.6 33.9 37.0 40.1 2.0
    Renewables 1.4 1.4 1.4 1.4 1.4 1.5 1.5 1.5 0.3
    Total 54.4 57.0 60.1 63.6 67.4 71.5 75.4 79.3 1.1
Commercial
    Liquids 3.7 3.8 3.9 3.9 4.0 4.1 4.1 4.2 0.4
    Natural gas 8.5 8.7 8.9 9.1 9.4 9.6 9.9 10.2 0.5
    Coal 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 0.0
    Electricity 16.2 17.7 19.4 21.2 23.1 25.0 27.1 29.2 1.7
    Renewables 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4
    Total 30.3 32.1 34.1 36.1 38.3 40.6 43.0 45.4 1.2
Industrial
    Liquids 69.0 69.6 72.6 75.6 78.9 82.6 86.0 89.4 0.7
    Natural gas 52.8 54.8 58.9 62.5 67.0 71.6 76.1 80.5 1.2
    Coal 63.2 63.1 63.1 62.1 61.4 61.1 60.5 59.8 -0.2
    Electricity 34.3 36.5 38.4 39.3 40.4 41.6 42.6 43.4 0.7
    Renewables 18.1 17.9 18.9 20.1 21.4 23.0 24.5 26.0 1.0
    Total 237.3 241.9 251.9 259.7 269.1 279.8 289.6 299.0 0.7
Transportation
    Liquids 105.2 108.4 112.2 115.2 119.4 125.3 131.3 136.8 0.8
    Natural gas 3.9 4.7 6.1 7.7 9.8 12.5 16.1 20.8 4.9
    Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
    Electricity 1.5 1.7 2.2 2.7 3.4 4.4 5.5 6.6 4.4
    Total 110.5 114.8 120.4 125.5 132.7 142.2 152.9 164.1 1.1
All end-use sectors
    Liquids 186.3 190.1 196.9 202.9 210.5 220.1 229.6 238.5 0.7
    Natural gas 85.3 89.2 95.8 102.2 110.0 118.5 127.7 138.0 1.4
    Coal 69.2 68.8 68.6 67.4 66.3 65.9 65.2 64.5 -0.2
    Electricity 72.1 78.2 84.6 90.8 97.6 104.9 112.2 119.3 1.4
    Renewables 19.7 19.5 20.5 21.7 23.1 24.7 26.2 27.7 1.0
        Delivered energy 432.5 445.8 466.5 484.9 507.5 534.1 560.9 588.0 0.9
    Electricity-related losses 146.3 156.1 167.9 178.1 189.1 201.2 212.6 223.7 1.2
    Discrepancy -3.8 2.4 0.1 -0.1 0.4 0.9 1.4 1.8 -
    Total 575.4 604.9 634.9 663.2 697.3 736.5 775.2 813.7 1.0
Electric power a/
    Liquids 7.7 6.9 6.4 5.0 4.9 4.7 4.5 4.4 -1.6
    Natural gas 43.7 42.5 47.6 52.1 58.6 65.5 73.2 80.1 1.8
    Coal 89.0 93.1 93.3 91.5 92.9 94.7 97.2 100.1 0.3
    Nuclear 26.0 28.5 30.9 33.5 35.4 37.9 38.7 39.4 1.2
    Renewables 52.1 63.2 74.3 86.7 94.9 103.3 111.1 118.9 2.4
    Total 218.4 234.3 252.6 268.8 286.7 306.1 324.8 343.0 1.3
Total energy consumption
    Liquids 190.6 200.0 203.9 208.1 216.0 226.0 235.8 244.9 0.7
    Natural gas 128.9 131.7 143.4 154.3 168.6 184.0 200.9 218.2 1.5
    Coal 158.2 161.9 161.9 158.8 159.3 160.5 162.5 164.6 0.1
    Nuclear 26.0 28.5 30.9 33.5 35.4 37.9 38.7 39.4 1.2
    Renewables 71.7 82.7 94.8 108.4 117.9 128.0 137.3 146.6 2.1
    Total 575.4 604.9 634.9 663.2 697.3 736.5 775.2 813.7 1.0  
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Table A1. World total primary energy consumption by region, 2015-50
quadrillion Btu
Region 2015 2020 2025 2030 2035 2040 2045 2050
Average annual 
percent change 
(2015-50)
OECD
  OECD Americas 121.9 124.4 125.5 124.8 126.3 129.5 133.0 136.9 0.3
    United States /a 97.5 100.2 100.7 99.1 99.5 101.6 104.1 106.9 0.3
    Canada 15.1 15.1 15.3 15.5 15.9 16.2 16.7 17.1 0.4
    Mexico and Chile 9.3 9.1 9.5 10.2 10.9 11.6 12.2 12.9 0.9
  OECD Europe 79.8 80.5 81.0 83.0 84.8 87.2 88.8 91.4 0.4
  OECD Asia 38.3 39.1 41.3 42.5 43.7 45.1 46.5 48.3 0.7
    Japan 19.6 19.2 19.7 19.4 19.1 18.8 18.5 18.3 -0.2
    South Korea 11.7 12.8 13.8 14.7 15.5 16.4 17.2 18.1 1.3
    Australia and New 
Zealand 6.9 7.2 7.8 8.4 9.1 9.9 10.8 11.9 1.6
  Total OECD 239.9 244.0 247.8 250.3 254.8 261.8 268.3 276.6 0.4
Non-OECD
  Non-OECD Europe and 
Eurasia 47.7 47.5 47.4 47.6 48.4 48.7 48.6 48.7 0.1
    Russia 30.2 29.8 29.8 30.0 30.4 30.3 29.8 29.2 -0.1
    Other 17.5 17.7 17.6 17.7 18.0 18.4 18.8 19.5 0.3
  Non-OECD Asia 200.1 221.8 241.8 260.3 280.0 302.3 324.5 344.6 1.6
    China 133.1 146.4 155.9 161.2 166.8 172.5 177.9 181.6 0.9
    India 28.4 33.3 38.0 44.3 51.9 60.7 69.2 76.5 2.9
    Other 38.6 42.2 47.9 54.8 61.3 69.1 77.4 86.4 2.3
  Middle East 33.9 36.4 39.0 41.8 45.4 49.3 53.5 57.2 1.5
  Africa 22.7 24.2 25.5 27.9 31.0 34.2 37.5 41.1 1.7
  Non-OECD Americas 31.1 31.0 33.4 35.4 37.6 40.2 42.8 45.6 1.1
    Brazil 14.9 14.8 16.5 17.5 18.5 19.7 20.9 22.0 1.1
    Other 16.2 16.2 17.0 17.9 19.1 20.4 22.0 23.6 1.1
  Total Non-OECD 335.5 360.9 387.1 413.0 442.4 474.7 506.9 537.1 1.4
Total World 575.4 604.9 634.9 663.2 697.3 736.5 775.2 813.7 1.0  
 
Table J1. World carbon dioxide intensity of energy use by region, Reference case, 2015-50
(metric tons per billion Btu)
Region 2015 2020 2025 2030 2035 2040 2045 2050
Average annual 
percent change 
(2015-50)
OECD
  OECD Americas 52.0 51.0 49.2 47.8 47.3 46.9 46.7 46.6 -0.3
    United States /a 53.8 52.5 50.2 48.8 48.4 47.9 47.6 47.4 -0.4
    Canada 39.0 38.8 39.4 38.4 38.3 38.6 38.9 39.2 0.0
    Mexico and Chile 54.1 54.2 54.3 52.3 50.1 50.0 50.0 49.7 -0.2
  OECD Europe 48.4 48.8 47.1 45.8 46.0 45.7 46.2 46.6 -0.1
  OECD Asia 58.4 55.9 53.5 52.7 52.3 51.8 51.4 51.0 -0.4
    Japan 58.8 55.9 53.6 53.5 53.0 52.6 52.1 51.7 -0.4
    South Korea 56.7 54.9 52.4 51.1 51.0 51.0 51.1 51.3 -0.3
    Australia and New Zealand 60.1 57.5 55.2 54.0 52.7 51.6 50.5 49.7 -0.5
  Total OECD 51.8 51.0 49.2 48.0 47.7 47.4 47.3 47.4 -0.3
Non-OECD
  Non-OECD Europe and Eurasia 56.4 55.4 54.4 54.0 54.1 53.9 53.5 52.9 -0.2
    Russia 55.4 54.1 53.1 53.0 53.2 53.2 53.0 52.7 -0.1
    Other 58.1 57.7 56.8 55.7 55.6 54.9 54.3 53.1 -0.3
  Non-OECD Asia 71.4 68.4 66.4 63.7 62.1 60.5 59.3 58.2 -0.6
    China 74.6 69.7 67.1 64.6 61.7 58.9 56.3 53.9 -0.9
    India 70.4 69.3 67.1 65.2 65.3 65.2 65.7 65.9 -0.2
    Other 61.4 63.0 63.4 59.9 60.3 60.3 60.3 60.4 0.0
  Middle East 57.8 57.3 56.2 55.4 54.9 54.6 54.6 54.5 -0.2
  Africa 55.1 56.5 56.7 54.0 51.4 50.8 50.9 51.1 -0.2
  Non-OECD Americas 40.9 41.0 40.5 39.8 39.2 39.3 39.6 39.7 -0.1
    Brazil 32.5 31.8 31.2 30.8 30.3 30.2 30.3 30.4 -0.2
    Other 48.7 49.4 49.6 48.7 47.8 48.2 48.3 48.4 0.0
  Total Non-OECD 64.0 62.4 61.0 59.1 57.8 56.7 55.9 55.2 -0.4
Total World 58.9 57.8 56.4 54.9 54.1 53.4 53.0 52.6 -0.3
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